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SUMMARY
Four groups of male Wistar rats showing
disrupted inhibitory avoidance conditioning due
to striatal lesions received either striatal or
ventral mesencephalic brain grafts. Two
additional non-lesioned groups were used as
controls. Half of the groups was retrained in an
inhibitory avoidance task at fifteen days
postgraft and the other half at sixty days
postgraft. Those animals receiving striatal grafts
significantly improved their ability to acquire
the inhibitory avoidance task at fifteen and sixty
days postgraft, as opposed to those receiving
mesencephalic grafts, which did not show
behavioral recovery. Choline acetyltransferase
and glutamate decarboxylase activities, as well
as dopamine content, were measured in the
grafted tissue. Striatal grafts showed levels of
choline acetyltransferase activity similar to the
control group. Moreover, a positive correlation
was found between the choline acetyltransferase
activity and the behavioral recovery. In
contrast, both glutamate decarboxylase activity
and dopamine levels were significantly lower in
striatal and in mesencephalic grafts, as
compared to the controls. These results show
that striatal but not mesencephalic grafts can
promote the restoration of the ability to acquire
an inhibitory avoidance task even at early stages
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(15 days) of the development of the grafts. The
results also suggest that acetylcholine plays an
important role in behavioral recovery.
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Several reports indicate that neural gratis can
promote the recovery of lesioned rats from
functional deficits /3,5,6/. In particular, gratis of
striatal fetal tissue implanted into electrolytic or
excitotoxic lesioned striatum can reverse many of
the functional and behavioral deficits associated
with neostriatal damage /4,9,10,24,29/. In our
laboratory, it has been demonstrated that striatal but
not mesencephalic grafts can promote the recovery
of inhibitory avoidance conditioning in bilaterally
lesioned rats at 60 days post-transplantation,
whereas lesioned animals do not show spontaneous
recovery/22/.
In this report, we assess the effects of striatal
grafts on the recovery of the ability to acquire a
passive avoidance learning task in striatal lesioned
animals at fifteen and sixty days. In addition, we
performed biochemical determinations of choline
acetyltransferase (CHAT) and glutamate decar-
boxylase (GAD) activities and dopamine content in
the grafted tissue, and correlated them with the
behavioral recovery.
One hundred and fifty four male Wistar rats
weighing 250-290 g were randomly assigned to one
of two groups (control intact rats, CON, n 42,
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and lesioned group, n 112). Large bilateral
electrolytic lesions were made under pentobarbital
anesthesia (50 mg/kg) by means of a 1 min, 2 mA
cathodic current to encompass the dorsal striatum
(stereo-taxic coordinates: AP =-0.5, L +_3.5, DV
-5.5 and -6.5, from skull level; incisor bar -5.0
mm). Following post-operative recovery (8 days)
each animal was trained and tested in a step-through
inhibitory avoidance task conducted in a shuttle box
(40xl5x20 cm) divided into two compartments by a
sliding door. One of the compartments was
indirectly illuminated by a 40 W light bulb. The
other compartment was not illuminated and had a
metal floor through which a brief electric shock
could be delivered. During the acquisition session
each animal was placed in the illuminated
compartment for 30 sec, after which the rat was
allowed to enter the dark compartment. When the
four paws of the rat were inside the dark
compartment, the door was closed and a 0.8 mA
DC footshock was delivered for 3 seconds. The
animal was then allowed to escape to the safe
(illuminated) compartment. Twenty-four hours later
the same procedure was followed except that the
footshock was not delivered (test session). For each
session, the time (latency) that the rat took to move
from the illuminated to the dark compartment was
noted. Two more extinction tests were performed at
48 and 72 hours aRer the acquisition session.
FiReen days after surgery, the lesioned animals
were randomly assigned to 2 subgroups one group
received striatal fetal tissue (ST), and the other
received mesencephalic fetal tissue (MS). Fifteen
day-old fetuses (crown-rump length 13-15 mm)
were removed from the abdominal cavity of
anesthetized pregnant rats. The fetal brains were
removed, and the striatum and ventral
mesencephalon were dissected under a stereoscopic
microscope. Blocks of tissue approximately 3 mm3
were injected bilaterally through a 100 BI Hamilton
microsyringe (internal diameter 0.5 mm)into the
area where the previous lesion was made. All the
groups were then divided into two subgroups,
which were retrained for inhibitory avoidance at 15
(ST-15, n =31; MS-15, n 21, CON-15, n =19)
and 60 days post-graft respectively (ST-60, n =31;
MS-60, n =29; CON-60, .n._ =23).
At the end of the experiment, rats from ST, MS
and CON groups were decapitated and the brains
were rapidly removed and dissected on ice. Graft
tissue was carefully obtained. We clearly identified
the grafts through a stereoscopic microscope, the
graR tissue being more translucent than the rest of
the adult brain tissue. For dopamine determinations
(ST-15, n 9; MS-15, n 9; CON- 15, n 4; ST-
60, n 18; MS-60, n 17; CON-60, n 13) the
tissue was weighed and homogenized on ice in
percloric acid comaining dihydroxybenzylamine
(DHBA). The homogenates were centrifuged, the
supematants were filtered and 20 tl were used for
HPLC/electrochemical detection (Beckman, System
Gold). The measurement of catecholamines was
done by the method previously described /27/.
Concentrations of standard solutions of dopamine
were run in parallel to make the quantitative
calculations /27/. ChAT /14,17;18/ and GAD
activities/1,17/ (ST-15, n 22; MS-15, n 12;
CON-15, n 15; ST-60, n 13; MS-60, n 12;
CON-60, n 10) were measured in water ho-
mogenates of the grafted tissue by radioisotopic
techniques previously described in detail, using
[3H]-acetyl-coenzyme-A or [1-4C]-L-glutamic acid
(Amersham, Buckinghamshire, UK) as substrates.
Some of the tissue samples that were used for
determinations ofChAT activity were also used for
measuring GAD activity. Protein was determined
using the Folin reagent method/19/.
Nonparametric statistics were applied on latency
scores for inhibitory avoidance, since a maximum of
600s was established in the procedure, making this
measure ordinal. A Kruskal-Wallis test was applied
for comparisons among groups, and a post hoe two-
tailed Mann-Whitney U-test for comparisons
between groups. For the biochemical
measurements, a one-way ANOVA was applied
with post hoe Fisher analyses.
For the fifteen day-old grafts, the post-lesion and
post-graR results are shown in Figure 1A. The post-
lesion acquisition sessions showed no significant
differences among groups. During the first test trial
(post-lesion) there were differences among groups
(p<0.01). As expected, the control group showed
the highest latency and all the lesioned animals
showed significantly lower latencies (p<0.01). The
post-graR comparisons for the acquisition day
revealed significant differences between groups
(p<0.05) for 15 day-old grafts. The statistical
analysis of the acquisition at 15 days revealed that
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Fig. 1: Post-lesion and post-graft inhibitory avoidance performance at fifteen (A) and sixty (B) days after transplantation. The
first bar ofeach pair represents the latency for the acquisition (a) session, and the second bar of each pair represents the
latency for the test (t) session. Control (CON) and experimental groups: striatal (ST), mesencephalic (MS). *p<O.01
(Mann-Whitney U-test) as compared with the control groups. Dotted lines indicate interquatile range.
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the CON-15 group showed a significantly higher
latency compared to the ST-15 and MS-15 groups
(p<0.05). During the test day the analyses revealed
significant differences among groups (p<0.01). The
CON-15 group and the animals that received the
striatal graits (ST-15) showed the highest latency
and there were no statistical differences between
them, indicating that those groups showed a good
acquisition of the task. The groups receiving
mesencephalon (MS-15) still showed impaired
learning with significantly lower latencies when
compared with the CON-15 and ST-15 groups
(p<0.05).
Results from post-lesion and post-grail sessions
for sixty day-old gratts are shown in Figure lB.
The analysis for post-lesion acquisition and test
sessions showed similar results to those at fitteen
days, i.e. in the acquisition session the groups
showed similar latencies. During the test session
there were significant differences between groups
(p<0.01). The lesioned animals showed significantly
lower latencies in comparison with the control
group (p<0.01). Similarly, the analysis for the
acquisition at 60 days post-graft revealed that there
were significant differences among groups
(p<0.01). The CON-60 group showed significantly
higher latencies as compared with the ST-60 and
MS-60. During the test session the CON-60 and
ST-60 groups showed the highest latencies, and
there were no significant differences between them.
The MS-60 group showed impaired learning with
significantly lower latencies when compared with
CON-60 and ST-60 groups (p<0.05).
The results of the determination of ChAT and
GAD activities and dopamine content are shown in
Figure 2. The ANOVA for ChAT activity revealed
significant differences among groups (F2,46=4.993,
p<0.01, for 15 days post-grail; F2,32-14.865
p<0.01 for 60 days post-grail). The ChAT activity
in striatal grafts, at either 15 or 60 days, was similar
to that of the intact control tissues, whereas that in
the mesencephalic gratts was only 22.9% (for 15
day-old gratts) and 35.2% (for 60 day-old grats)
as compared with their control groups. In contrast,
GAD activity was significantly lower than the
control in both striatal and mesencephalic groups
(F2,26=2.366; p<0.01 at 15 day-old post grail).
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Fig. 2:
Sixty day old grafts
ChAT DA
ChAT and GAD activities and dopamine (DA)
comem in striatal and mesencephalic grafts as
percentages of the control. (A) Results for fifteen
days. (B) Results for sixty days. *p<0.01 lower
than control and p<0.01 higher than control
(Fisher test). The absolute control values were for
CHAT: CON-15, 47.0+9 nmol/mg prot/h; CON-
60, 66.8+/-17.8 nmol/mg prot/h. For GAD activity:
211+/-49 nmol/mg prot/h, for DA: CON-15,
3.866+/-0.8 lag/g wet tissue; CON-60, 3.5+0.5 lag/g
wet tissue.
A Spearman rank correlation showed that ChAT
activity had a significant positive correlation with
the post-grail latencies test scores of the inhibitory
avoidance task (19=0.644, p<0.001 for fifteen days;
and 9=0.720, p<0.01 for sixty days), whereas no
significant correlation was found between the GAD
and the test scores (9=0.174, for fifteen days).
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Similarly to GAD, the ANOVA for dopamin
values (Figure 2) revealed that at both 15 and 60
days post-graft, the striatal and mesncphalic
gratis had no differences between them, but both
showed significantly lower concentrations when
compared with their control groups (F2,19=36.478,
p<0.01 for 15 days gratis; F2,45=36.018, p<0.01
for 60 days gratis). These values showed no
correlation with the test latency scores (0=0.066,
for fiitn days; p=0.111, for sixty days).
In summary, the present findings show that
striatal but not mesencephalic gratis can promote
the recovery of the ability to acquire an inhibitory
avoidance task. The behavioral recovery can be
seen at early stages of graft development and,
furthermore, the ChAT activity in these gratis has a
positive correlation with the behavioral recovery.
In a previous study/22/we found that striatal,
but neither mesencephalic nor cortical gratis, can
promote the recovery of an inhibitory avoidance
task at 60 days post,grail in striatal lesioned rats. It
was also shown that lesioned animals were unable
to recover the ability to acquire the same task at 60
days after the lesion, even with two acquisition
sessions/22/. Other authors have reported that in
rats with an ibotenat-lesioned striatum, striatal and
mesncephalic gratis can promote th rcovery of a
variety ofbehaviors/11,20,29/, such as skilled paw
reaching/10,28/, spatial alternation learning and T-
maze /7,16/, or motor activity /25,26/. In these
reports, functional recovery was observed at times
over two months post-graft and it is stated that
connectivity of the gratis is important for the
recovery of functional deficits/5,29/. In our model,
15 days after implantation were enough to induce
the recovery of the ability to acquire the passive
avoidance task. In our view, at this time (15 days)
it is improbable that the graft can establish a
complete rconnctivity with the host tissue/13/.
Cholinergic neurotransmission has been
considered an important system related to learning
and memory functions/8/. We have recently shown
that acetylcholine plays an important role in the
recovery of conditioned taste aversion in insular
cortex lesioned rats/12/. Regarding the striatum,
some reports have shown that scopolamine-induced
cholinergic blockade of the dorsal area of the
striatum induces deficits in the acquisition of
inhibitory avoidance /2,23/. The present
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experiments also suggest a cholinergic involvement
in the recovery, since stdatal graits induced
recovery of the behavioral task and possessed
ChAT activity similar to control tissue, whereas the
mesencephalic gratis, having low levels of ChAT
activity, did not induce recovery. Thus, a
statistically significant correlation of ChAT activity
and behavioral recovery was found. It remains to be
determined what is the precise role of acetylcholine
in the functional recovery induced by fetal striatal
grafts.
In contrast, no significant correlation was found
for graft GAD activity and dopamin graft content
with the behavioral recovery, although this, by no
means, indicates that GABA or dopamin are not
related to the functional activity of the striatum. In
fact, these two neurotransmitters have been related
to the striatal graft-promoted recovery of motor
activity/15,21,30/. Thus, the involvement of other
nurotransmittr systems or other factors in the
recovery offunction cannot be dismissed.
The present findings demonstrate that early
recovery of a behavioral function after trans-
plantation can occur, and that this recovery, at least
in our model, is corrdated with striatal graft ChAT
activity.
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